Previous studies have indicated that carcinoembryonic antigen (CEA) and cancer antigen 15-3 (CA15-3) levels are both independent prognostic factors in breast cancer. However, the utility of CEA and CA15-3 levels as conventional cancer biomarkers in patients with triple-negative breast cancer (TNBC) remains controversial. The current study was performed to explore the predictive value of pre-therapeutic serum CEA and CA15-3 levels, and nomograms were developed including these serum cancer biomarkers to improve the prognostic evaluation of TNBC patients. Pre-therapeutic CA15-3 and CEA concentrations were measured in 247 patients with stage I-IV TNBC. Kaplan-Meier analysis showed that TNBC patients with high levels of both CEA and CA15-3 had shorter overall survival (OS) and disease-free survival (DFS) rates than those in the low-level groups (p<0.05). Multivariate analysis suggested that pre-therapeutic CA15-3 and CEA levels are independent predictive elements for OS (p = 0.022 and p = 0.040, respectively) and DFS (p = 0.023 and p = 0.028, respectively). In addition, novel nomograms were established and validated to provide personal forecasts of OS and DFS for patients with TNBC. These novel nomograms may help physicians to select the optimal treatment plans to ensure the best outcomes for TNBC patients.
Introduction
Triple-negative breast cancer (TNBC) is a hypotype of breast cancer that is immunohistochemically based on the negative expression of the hormone receptors estrogen receptor (ER) and progesterone receptor (PR) and on the negative amplification of HER2 amplification [1] . Although the incidence of TNBC only accounts for a small proportion (10-17%) of all breast cancers, most TNBC patients are diagnosed with higher lymph node metastasis and mortality risk than patients with other types of breast cancer in the first five years [2] [3] [4] . Because of the absence of the expression of HER2 or ER and PR, chemotherapy is the only treatment choice for patients with TNBC [5] . However, once resistance to chemotherapy drugs occurs, the loss of life quality and sustained upward mortality rate of malignant patients will be out of control. Therefore, it is necessary to ascertain safe and practical evaluation indicators to assist both short-term and long-term treatment decisions of TNBC patients to improve survival rates. Recently, numerous studies have reported the opposite effects of some elevated blood biochemical values [6] [7] [8] [9] and the predictive significance of pre-operative levels of carcinoembryonic antigen (CEA) and cancer antigen 15-3 (CA15-3) [10] [11] [12] [13] in different tumor populations.
In particular, the predictive effect of pre-operative CEA and CA15-3 levels in breast cancer has gained increasing attention. Pre-operative CEA and CA15-3 levels may offer valuable information for the prognosis of breast cancer [14] [15] [16] . However, the predictive significance of these levels in breast cancer remains ambiguous due to the limitation of the number of cases [13, 16, 17] . Recently, nomograms have been shown to provide more precise individualized disease-related risk estimations compared to the traditional TNM staging systems [18, 19] . Nomograms provide a visual representation of the regression equation and could help physicians to better utilize sophisticated statistical results. However, there is a lack of related literature providing accurate predictive nomograms of CEA and CA15-3, which are common clinical hematology indexes. Therefore, the objective and significance of this study were to inquire into the prognostic roles of pre-therapeutic CEA and CA15-3 levels by building a nomogram for resected TNBC based on known traditional clinicopathological prognostic factors.
Materials and Methods

Patients and methods
Clinical analysis was performed for 247 female patients, and all of them were definitively diagnosed with triple-negative breast cancer and were treated with modified radical mastectomy at the Sun Yat-sen University Cancer Center (SYSUCC) in Guangzhou, China, between January 2004 and December 2009. The ethics boards of Sun Yat-sen University Cancer Center granted ethical approval (NO.YB2016-002-03), and all patients provided written information consent. The inclusion criteria were as follows: clear pathological reports of TNBC, with no prior preoperative anti-cancer treatments before the collection of autologous whole blood and serum tumor marker data. The exclusion criteria were as follows: (1) patients with coexisting cancers; (2) initial records of blood biochemical tests after treatment; (3) active infectious or other autoimmune disorders; (4) people without follow up; and (5) the lack of other necessary information.
Clinical data collection
The medical records were evaluated by electronic chart review, and each patient's medical history, age, BMI, menopausal status, and main pathological information (such as tumor size, lymph node status, hormonal status, HER2 status, histological grade, and laboratory data) were obtained. The clinical typing and staging of the malignant tumor were identified by the TNM staging system according to the AJCC (American Joint Committee on Cancer Classification, 7th edition, http://www.cancerstaging.org). Triple-negative breast cancer, just as its name implies, was confirmed by ER-, PR-, HER2-status. The absence of hormone receptor expression was stipulated based on the positive staining for ER and/or PR in less than 10% of cancerous cell nuclei, and the state of HER2 was defined according to the ASCO guidelines. Two hundred thirty patients (93.1%) underwent adjuvant chemotherapy, and 52 patients (21.1%) received adjuvant radiotherapy treatment.
Hematological parameters
The serum tumor marker levels of CEA and CA 15-3 were obtained using an automatic electrochemistry luminescence immunoassay system (ROCHE E170; Roche, Germany). The cutoff values of CEA and CA15-3 by the X-tile program were 6.0 ng/ml and 21.8 U/ml, respectively. Additionally, the value was considered to be high or low by comparing results with the cut-off value.
Follow-up and study endpoints
In the first 3 years, the patients were followed up by telephone every 3 months and then every 1-year until relapse or death. The day of the acquisition of definitive pathological results was defined as the initial day of follow-up, and the last follow-up date was November 27, 2015 for all of the available patients. The primary observation endpoints of the study were disease-free survival (DFS), and overall survival (OS). Disease-free survival was estimated from the date of the acquisition of definitive pathological results to the date of local recurrence or distant metastasis, death, or new neoplasms. Overall survival was estimated from the date of the acquisition of definitive pathological results to death or the date of the last follow-up.
Statistical analysis
The optimal cut-off points for the serum cancer biomarkers of survival were determined by the minimum P value from log-rank X 2 statistics using the X-tile 3.6.1 software (Yale University, New Haven, CT, USA) [20] . Statistical analyses were performed using SPSS 20.0 (SPSS, Chicago, IL, USA). The correlation between the patients' characteristics and pre-therapeutic serum biomarkers was assessed by unpaired t-test or one-way analysis of variance (ANOVA), and deviations between the proportions were tested using the chi-squared test. It is essential to investigate the survival analyses and differences between the groups by the Kaplan-Meier method and log-rank test. The independent variables related to OS and DFS were confirmed using univariate and multivariate analyses. All of the statistically significant variables in univariate analyses were incorporated into multivariate analyses, and variables with a P >0.05 were eliminated. According to the results of the multivariable analysis, nomograms were established respectively by R 3.2.4 (http://www.r-project.org) using the survival and rms package [21] . The capability of the model for prognosis was judged by Harrell's concordance index (C-index).
The upper bound of the c-index is 1.0, forecasting an ideal differentiation, whereas 0.5 represents only half of the chance to correctly differentiate the outcome. Calibration curves of the nomograms for the 5-year OS and DFS were implemented by collating the prognostic survival and actual survival after error correction. P values less than 0.05 were considered statistically significant.
Results
Patient characteristics
In total, 247 female patients who were pathologically confirmed as having TNBC were incorporated after qualification review from January 2004 to December 2009. The screening process is given in Fig 1. Among the 247 breast cancer patients, 108 (43.7%) developed recurrence, and 104 patients (42.1%) died during a median of 84 months (range: 2-141 months) follow-up time. The pathological classification of the 210 cases (85.0%) was invasive ductal carcinoma (S1 Table) . The median age of the patients was 46.8 years (range: 22-79 years), and 163 (66.0%) patients were younger than 50 years of age. The patient characteristics and correlation between pre-therapeutic CEA and CA153 levels and clinicopathological variables of TNBC cases are displayed in Table 1 . The mean value of the pre-therapeutic CEA level was 8.83± 54.67 ng/ml, and it was correlated with tumor status, N status, and TNM staging (all p < 0.05).
The mean value of the CA15-3 level was 23.89±45.40 U/ml, and it was correlated with tumor status, N status, TNM staging, and histological grade (all p < 0.05). In addition, patients with a high level of tumor status, TNM staging, and histological grade showed a higher CA15-3 level (p < 0.05). Other characteristics were not correlated with pre-therapeutic levels of the tumor markers (p > 0.05).
Cut-off value of pre-therapeutic CEA and CA15-3 levels
The optimal cut-off values of the pre-therapeutic CEA and CA15-3 levels for OS forecasting were identified as 6.0 ng/ml and 21.8 U/ml, respectively, using the X-tile program (Fig 2A) . The χ 2 log-rank values of CEA and CA15-3 were 10.96 (p = 0.024) and 23.93 (p < 0.001), respectively. The patients were grouped according to the cut-off values for further study (CEA 6.0 ng/ml and > 6.0 ng/ml; CA15-3 21.8 U/ml and > 21.8 U/ml). Kaplan-Meier survival analysis revealed that CEA > 6.0 ng/ml and CA15-3 > 21.8 U/ml were remarkably associated with reduced OS and DFS (P < 0.001) (Fig 3) . As before, the cut-off values of the CEA and CA15-3 levels for DFS were also calculated as 6.0 ng/ml and 22.6 U/ml, respectively, using the X-tile program ( Fig 2B) , with log-rank values of 12.54 (p = 0.012) and 23.75 (p < 0.001), respectively. The cut-off values of OS were applied to the latter analysis to maintain the consistent criterion and avoid confusion because of the minor difference between DFS and OS. X-tile analysis was accomplished based on statistics drawn from the patient records, which were evenly divided into two groups: a training group and a validation group. The plans of the training groups are displayed in the left column figures, with graphs of the corresponding validation groups displayed in the smaller inset. The optimal separation marked by the black dot in the left column figures is exhibited as a histogram (middle column figures) and a Kaplan- Meier curve (right column figures). P values were calculated by adopting the dividing point shown in the training group and using it in the validation group as follows: (a) The optimal cut-off values for the CEA and CA15-3 levels regarding OS were 6.0 ng/ml (χ 2 = 10.96, p = 0.024) and 21.8 U/ml (χ 2 = 23.93, p < 0.001), respectively; (b) The optimal cut-off values for the CEA and CA15-3 levels regarding DFS were 6.0 ng/ml (χ 2 = 12.54, p = 0.012) and 22.6 U/ml (χ 2 = 23.75, p < 0.001), respectively.
Survival and prognostic value of the CEA and CA15-3 levels
The 10-year OS and DFS rates were 56.0% and 54.0%, respectively, for all 247 patients, and the average survival times were 102.0 (95% CI: 96.106-108.003) months and 94.3 (95% CI: 87.448-101.173) months, respectively (S1 Fig). As the Kaplan-Meier curve implied, high CEA and CA15-3 concentrations had shorter OS and DFS rates than those in the low-level groups of TNBC patients (Fig 3 and S2 Table) . For TNBC patients, the negative correlation of pre-therapeutic CEA (HR: 2.293; 95% CI: 1.377-3.816; P = 0.001) and CA15-3 (HR: 2.627; 95% CI: 1.759-3.923; P < 0.001) levels with OS were significant, along with other parameters, such as the tumor status, N status, TNM staging, and histological grade, in the univariate analysis (Table 2) . Similarly, the univariate analysis showed that a worse DFS was associated with high CEA (HR: 2.412; 95% CI: 1.452-4.007; P = 0.001) and CA15-3 (HR: 2.586; 95% CI: 1.738-3.847; P < 0.001) levels along with other parameters, including tumor status, N status, TNM staging, and histological grade ( Table 2 ). Multivariate analysis indicated that traditional clinicopathological factors (such as tumor status, N status or histological grade) were also shown to have independent prognostic value regarding OS or DFS, but the overall TNM stage lost the independent prognostic value. Moreover, CA15-3 and CEA remained as independent predictive indexes for OS and DFS (P < 0.05) in multivariate analysis (Table 3) .
Formulation and Verification of Nomograms for Prognostic Estimation of TNBC Patients
To evaluate the OS and DFS of patients with TNBC, nomograms were built based on notable independent elements for OS and DFS in the multivariate Cox regression model (Fig 4A and  4B ). Nomograms can be understood by summing up each parameter score, which is shown at the top of the scale. Finding the corresponding point within the axis of total points and drawing a perpendicular line to the axis of survival probability (such as the 3-year survival or 5-year survival), the point of intersection is the patient's 3-year or 5-year odds of survival and relapse for an individual. For example, for OS, values for Histological grade of 3, N-stage 2, CEA >6 and CA15-3 >21.8 will obtain a total score of approximately 148 which means the probability for 3-year survival is 0.45 and that for 5-year survival is 0.15. The C-index values of the OS and DFS forecast were 0.664 (95% CI: 0.613-0.714) and 0.673 (95% CI: 0.626-0.720), respectively. The calibration curves for the two nomograms (Fig 4C and 4D) presented the acceptability and conformance in the original cohort between the nomogram forecast and actual observation for the 5-year OS or DFS.
Risk-stratified groups based on the Nomogram within each TNM stage
In addition to numerically contrasting the discriminating power by the C-index, the independent discriminating power of the nomogram preceding standard TNM staging was also illustrated. By dividing the TNBC patients into three distinct subgroups based on the total scores (score of OS from the nomogram: 0 to 43, 43 to 89, and 89; score of DFS: 0-36, 36-115, and115), each group corresponded to a distinct prognosis (S3 Table) . After applying the cutoff values of OS or DFS to group the TNBC patients, stratification analysis of distinct subgroups showed remarkable differences between the Kaplan-Meier survival curves within each TNM stage (Fig 5) .
Discussion
The predictive values of serum cancer biomarkers have been documented for several types of cancer, including breast cancer [22, 23] . Clinical stages and molecular classification are the two primary factors of current therapeutic decision-making and forecasts of the prognosis of breast cancer. Nevertheless, this classification does not satisfy the medical need for a specific subgroup. Additional biomarkers are urgently required to guide treatment and estimate the prognosis [24, 25] . In current research, our multivariate analysis revealed that CEA and CA15-3 were independently negative predictive determinants for both OS and DFS in TNBC patients. However, TNM staging did not show any prognostic value for both DFS and OS, probably because the powerful prognostic ability of CEA and CA15-3 influenced the predictive function of TNM staging in addition to the tumor status, N status, and histological grade in the multivariate analysis (Table 3) . Furthermore, the nomograms, which incorporate proper risk factors according to multivariate analysis, enables the doctor to obtain a better personalized estimation of the prognosis in routine clinical practice. Thus, nomograms may be better than the traditional TNM staging systems in several cancers [26] . Validation of the nomogram is indispensable to avoid over-fitting of the matrix and identify its universality [27] . In the present study, the calibration map displayed first-rank consistency between the forecast and actual observation, supporting the reproducibility and dependability of the created nomogram. Subsequently, we adopted 3 cut-off points for the OS and DFS, which showed more prognostic accuracy than classic TNM staging (Fig 5) . TNBC is an invasive phenotype that carries a worse prognosis than other luminal tumors [28, 29] and represents a subclass of breast cancers with diverse clinical characterization and outcome, significant hazards, molecular characteristics and response to therapy [30] . However, serum markers may offer useful information about the phenotype of breast cancer at the early stage, when the acquisition of tissue specimens is not available in some cases [31] . Despite these supposed advantages, the associations between pre-therapeutic marker levels and prognosis in TNBC have not been elaborately investigated yet. Shao et al. [15] and Park et al. [13] showed a negative prognostic role of the CEA and CA15-3 levels in 432 and 740 breast cancer patients, respectively, with few data analyses of TNBC. However, increasingly more serum biomarkers were indicated as prognostic factors, and few nomograms were published to improve the management of patients with TNBC. In clinical research, a remarkable correlation was found between symptomatic metastasis and high CEA and CA15-3 concentrations in breast cancer N0: no regional lymph node metastasis; N1: metastasis involving 1-3 lymph nodes; N2: metastasis involving 4-9 lymph nodes; N3: metastasis involving 10 lymph nodes; TNM: a certain stage comes from the comprehensive assessment of tumor status.
Abbreviations: TNBC: triple-negative breast cancer, OS: overall survival, DFS: disease-free survival, HR: hazard ratio, 95% CI: 95% confidential interval. patients [32] . Furthermore, our study observed that patients with high-level markers showed worse outcomes than those with low levels (S2 Table) . Because serum markers are relatively convenient and inexpensive to obtain, routine inspection of their levels could offer some valuable feedback for the accurate forecast of outcomes.
As shown in several studies [15, 33] , higher levels of preoperative serum tumor markers represent tumor burden, which is linked to the tumor size and lymph node metastasis and predicts poorer survival in breast cancer. As expected, distinctly higher tumor biomarker levels were noted in the tumor status and TNM staging, suggesting a relationship between high levels of tumor biomarkers and tumor load ( Table 1) . Because the level of CA15-3 was closely correlated with the metastasis of the venous and lymphatic vasculature [34] , a high CA 15-3 concentration at the beginning could predict a worse breast cancer outcome [35] . In particular, the prognostic implication of TNM staging was completely ruled out in the multivariate analysis with the incorporation of other classical predictive elements such as tumor status and nodal status (Table 3) .
On account of lacking organ and tumor specificity and low sensitivity, the use of tumor markers for therapeutic decisions was generally invalidated [36] . Nevertheless, other studies have suggested that the pre-operative level of tumor markers could be helpful in association with other indicators to judge whether additional treatment should be executed [31, 37] , and our nomogram scoring system could help physicians to handle such issues. Furthermore, higher levels may imply a greater possibility of recurrence, and a study assessing preemptive therapy upon incremental tumor marker concentrations displayed better outcomes than the controls [38] . In addition, it has been suggested that biochemical assessment may lead to saving almost 50% of expenses compared with detection by clinical diagnostic standards, which usually require costly medical imaging techniques, such as magnetic resonance imaging [39, 40] . To our knowledge, this study is the first to combine nomograms with frequently used tumor markers for the prognostic assessment of TNBC patients. Both clinicians and patients could obtain a personalized prognosis prediction after surgery via this convenient assessment method. Moreover, high-level pre-therapeutic serum tumor markers may be advantageous in estimating high-risk groups and in guiding subsequent therapy, for which the aforementioned speculation may be changed.
We must acknowledge the limitations in our retrospective study. On the one hand, our study relied exclusively on a single-institutional database, although eligibility criteria were formulated to minimize the selective bias. On the other hand, the accuracy of our nomograms should be assessed by external validation, which would help evaluate whether our nomograms may be appropriate for a new population and then generalized to other populations.
In general, we built novel nomograms to forecast the OS and DFS of patients with TNBC. With the help of this model, physicians may consider the proper utilization of the pre-therapeutic serum levels of CEA and CA15-3 to more effectively predict the survival rate of patients and discern subgroups of patients who should undergo a specific treatment strategy if necessary. In addition, if the pre-therapeutic serum CEA and CA15-3 levels could be combined with other efficient molecular factors (e.g., BRCA2 mutation) to provide further prognostic information, it may be beneficial in treatment implementation. In the meantime, further clinical trials, including a perspective cohort study, are required to illustrate and improve the validity of this model in the therapeutic decision-making field for breast cancer. 
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